We have studied a method to extract neutrino flux from the data of neutrino-nucleus reaction by using maximum entropy method. We demonstrate a promising example to extract neutrino flux from the inclusive cross section of muon production without selecting a particular reaction process such as quasi-elastic nucleon knockout.
Introduction
A precise description of the neutrino-nucleus interaction is crucial for the study the neutrino properties such as CP violating phase and mass hierarchy [1, 2, 3, 4] when one extracts the neutrino flux from the neutrino data. The quasi-elastic (QE) reaction is the key mechanism to reconstruct the neutrino flux from the data of neutrino-nucleus reaction. Neutrino energy(E ν ) can be determined from the muon scattering angle(θ ) and energy(E µ ) by using the kinematics of the reaction of free nucleon at rest.
Since the reaction takes place inside nuclear many body system, various initial and final state interactions can spoil the useful relation of Eq. (1.1). The observed quasi-elastic like events are mixture of the various reaction mechanism, which contribute the reaction amplitudes and, in principle, interference among various mechanism exists. The central issue of the current theoretical research of neutrino-nucleus reaction is to improve the accuracy of the estimation of various nuclear effects [5, 6] by testing the model from the neutrino data. Because of the rather wide energy band of the neutrino flux in the current long baseline experiments, the observed cross section of neutrino reaction (< σ >) is a result of neutrino flux(Φ ν ) average of the cross section (σ ).
One can regard the extraction of neutrino flux Φ ν from the data < σ > as an inverse problem to obtain Φ ν from < σ > provided the cross section σ is well under control. In this report we will examine a method to solve the inverse problem, where the neutrino flux can be extracted without using the formula (1.1) nor the separation of 'true' QE events. For this purpose, we use the maximum entropy method (MEM) which are widely used in the field of condensed matter physics and Lattice QCD [7, 8, 9] . We briefly outline the application of MEM to extract neutrino flux from data in section 2. To examine the usefulness of the approach, we generate pseudo data of neutrino reaction. The pseudo data are generated by using a model of neutrino reaction and neutrino flux, which are explained in section 3. Here, as an example of the pseudo data, we use double differential cross section of muon for the inclusive neutrino nucleus reaction. Results on how well the neutrino flux can be extracted from the pseudo 'data' without assuming QE mechanism is shown in section 4.
Maximum Entropy Method
In this section we briefly explain the maximum entropy method. The most plausible neutrino flux (Φ MEM ν ) from the experimental data based on the Bayes' theorem is given by the functional integral of the neutrino flux Φ
where P[Φ|D, I] is a conditional probability of neutrino flux Φ for given data of neutrino reaction D = {< σ > exp } and the prior information on the neutrino flux I. I is called as default model of neutrino flux. Introducing auxiliary variable α, we can write the above formula as
where Φ α ν is neutrino flux for given α, dataD and prior information I given as,
Here P[D|Φ, α, I] and P [Φ|α, I] are called as likefood function and prior probability, respectively. The likefood function is written as
HereD l and D l are cross sections < σ > exp and < σ >.
The prior probability can be expressed as
where S is the Shannon-Jaynes entropy,
m i is default model of neutrino flux at neutrino energy E i . Combining the likefood function and the prior probability, neutrino flux Φ α ν is the maximum probability of
Finally the α dependent flux is integrated with the probability P[α|D, I], which has a sharp peak as a function of α written as One can also estimate the errors of the extracted neutrino flux Φ MEM ν within MEM. For given α, the average flux < Φ α > S in energy region S of neutrino is defined as
The covariance of Φ α ν S can be written as
Then the error of the extracted flux is obtained by integrating over α as
Model of inclusive neutrino-nucleus cross section and neutrino flux
To examine the method outlined in the previous section, we construct pseudo data of neutrinonucleus reaction by using a model of neutrino-nucleus reaction and neutrino flux. The neutrino flux is obtained by applying the formula of two-flavor oscillation as
Here we used ∆m 1 is the neutrino flux we use to calculate the pseudo data, while the original flux Φ 0 ν is shown in dashed(red) curve for comparison.
As a observable to test the method of flux extraction, we use double differential cross section of muon of neutrino induced inclusive reaction on 12 
In the energy region of neutrino flux in Fig. 1 , the main reaction mechanism is quasi elastic scattering and pion production through the ∆(1232) excitation. The quasi elastic nucleon knockout process is calculated using modified Fermi-gass model which incorporates the spectral function [12, 13] . For the delta excitation region we use the neutrino pion production amplitudes calculated in a formalism in which the resonance contributions and the background amplitudes are treated on the same footing [14] . Detail on the reaction model is described in Ref. [11] . The model of nuclear reaction is rather simple without taking into account the final state interaction, however the reliability of our formalism is tested against the electron nucleus scattering cross sections in the same theoretical framework; the calculated cross sections agree reasonably well with the existing data. Therefore, we believe it is good enough for the purpose of testing the method of neutrino flux extraction. We now are able to calculate the flux averaged double differential cross section d 2 σ /dE µ dΩ µ from the model of neutrino-nucleus reaction and neutrino flux Φ ν in Eq. (3.1).
3)
The pseudo data of double differential cross section is obtained as following. We assume muon energy resolution is 100MeV and evaluate the average of cross section as,
We assume Gaussian distribution of the data with the mean given by Eq. (3.4) and the standard deviation by the 10% of the value of flux averaged double differential cross section at E µ =1GeV. 
Results and discussion
We extract neutrino flux from the 19 points of pseudo data of the muon energy distribution shown in Fig. 2 . They giveD l and σ l of Eq. (2.5). D l is calculated from the theoretical cross section of Eq. (3.2).
At first, we study the effects of the default model I on the extracted neutrino flux. We have examined two default models. The one is constant flux and the other is initial flux Φ 0 ν shown in the dashed(red) and solid(black) curve in the left panel of Fig. 3 or not by estimating the error of extracted flux. In Table 1 , the neutrino flux averaged in the peak region (0.28 < E ν < 0.42 GeV), dip region (0.52 < E ν < 0.70 GeV) and higher energy regions (0.72 < E ν < 0.82 GeV), (0.86 < E ν < 0.94 GeV) and (1.00 < E ν < 1.08 GeV) are given. The second raw shows the calculated 'exact' value of the average flux and the third raw shows the flux obtained from MEM together with the error calculated from Eq. 56.5 ± 6.5 5.1 ± 1.7 14.0 ± 3.7 11.6 ± 3.7 10.7 ± 1.9
